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HEAT SINK 

This invention relates to heat sinks for use with electronic 
devices and in particular for use with modular electronic 
5 devices that are received within a rack or a bay. 

As the density of transistors in electronic devices and the 
power output levels and switching speeds of opto-electronic 
devices increase, there is a corresponding increase in the 

10 heat generated by such devices. As the electronic and/or 
opto-electronic devices are typically stored within 
enclosures the heat generated by their operation can lead to 
significant problems as some devices may be destroyed if 
their core temperature is too great, or the performance of 

15 the device may be substantially degraded. Known techniques 
used to control the temperature of individual devices include 
the use of heat sinks, heat pipes and fans, and fans are also 
used to draw cool air into the enclosure holding the 
electronic devices and to expel warm air from the enclosure. 

20 

It has been observed that these techniques, while generally 
being sufficient to control the generation of heat and to 
mitigate any effects caused by increased temperature, are 
less efficacious when used with modular electronic devices. 

25 An example of such a device is an opto-electronic 
transmission module that is received within an equipment 
rack. In order to facilitate maintenance and the fast 
replacement of failed modules, the modules, which are often 
referred to as pluggable modules, can be removed from or 

30 inserted into a bay within an equipment rack or mounting. As 
the module is slid into and out of the bay it is problematic 
to maintain an efficient thermal connection between the 
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module and a heat sink, or other cooling equipment, that is 
provided inside the equipment rack so as to be in contact 
with an inserted module. If a module is replaced by a module 
that dissipates more heat then it may be necessary to access 
5 the interior of the equipment rack in order to change the 
cool ing equipment . 

According to a first aspect of the present invention there is 
provided a heat sink arrangement configured to receive an 

10 equipment module, the heat sink arrangement comprising 
alignment means to engage with the heat sink arrangement and 
a pivotable heat sink, the heat sink being pivoted by the 
insertion of the equipment module such that a surface of the 
heat sink is brought into contact with a surface of the 

15 equipment module. 

The heat sink arrangement may further comprise an aperture 
for receiving the equipment module and the pivotable heat 
sink may be inclined such that the surface of the pivotable 

20 heat sink that makes contact with the equipment module is 
presented towards the aperture . One or more of the faces of 
the heat sink may comprise one or more protrusions and the 
support for the pivotable heat sink may comprise a heat pipe. 
The pivotable heat sink may further comprise gas- or liquid- 

25 cooling apparatus. The surface of the pivotable heat sink 
that makes contact with the equipment module may comprise a 
material that increases the diffusion of heat from the 
equipment module. 

30 According to a second aspect of the present invention there 
is provided an equipment module for use with a heat sink 
arrangement according to any preceding claim, the equipment 
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module having a substantially cuboidal form and comprising 
guide means for engaging with the alignment means of the heat 
sink arrangement. The surface of the equipment module that 
makes contact with the pivotable heat sink may comprise a 
5 material that increases the diffusion of heat from the 
equipment module and/or a material having a low coefficient 
of friction. The surface of the equipment module that makes 
contact with the pivotable heat sink may comprise an inclined 
region . 

10 

Figures 1 to 4 shows a schematic depiction of a heat sink 
arrangement 100 according to the present invention and an 
equipment module 10 that may be inserted into and removed 
from the heat sink arrangement 100. The equipment module 10 

15 comprises internal communications interface 12, guide 
portions 14 and external communications interface 16. The 
internal communications interface is designed so as to be 
received within a corresponding interface within the heat 
sink arrangement 100 (see below) that is in communication 

20 with a transmission line or further piece of equipment. The 
external communications interface 16 is located on the front 
face of the equipment module that is not received within the 
heat sink arrangement for onward communication with a 
transmission line or a further piece of equipment. The guide 

25 portions 14 are preferably located on both side faces of the 
equipment module and are designed to engage with 
complementary features provided with the heat sink 
arrangement (see below) to assist the mechanical alignment of 
the equipment module within the heat sink arrangement and to 

3 0 secure the equipment module when fully inserted within the 
heat sink arrangement . 
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The heat sink arrangement 100 is received within an equipment 
rack (not shown) and comprises a front plate 110 comprising 
an aperture 115, a pivotable heat sink 120, support means 
130, pivot pin 140, base 150 and equipment rack 
communications interface 160. The support means 130 

comprises alignment means 132 and pivot arms 135, the pivot 
pin being received in and connected between the two pivot 
arms (referring to Figure 1, the second pivot arm is hidden 
from view behind the heat sink 120) . The support means 13 0 is 
mounted on the base 150 and the front plate is mounted on the 
base and the support means in a plane that is substantially 
orthogonal to the plane of the base. The pivotable heat sink 
is held by the pivot pin 140 and is free to pivot. The 
default position of the heat sink is to be pivoted slightly 
such that the flat side of the heat sink is pointed towards 
the aperture 115 within the front plate 110. This can be 
achieved by placing the pivot pin at an off-centre position 
on the heat sink, by designing the heat sink to have an 
asymmetric centre of gravity or by adding a small biasing 
spring to return the heat sink to the desired position when 
an equipment module is not present. 

The equipment rack communications interface 160 is mounted 
within the support means and is positioned such that when an 
equipment module 10 is inserted into the heat sink 
arrangement 100 the internal, communications interface is 
brought into communication with the equipment rack 
communications interface. The alignment means 132 of the 
support means are provided to engage with the guide portions 
of the equipment module such that when the equipment module 
is inserted into the heat sink arrangement the internal 
communications interface will be in alignment with the 
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equipment rack communications interface. In Figure 1 the 
guide portions comprise upstanding tab portions and the 
alignment means comprise tabs which are bent downwardly to 
engage with the guide portions but it will be understood that 
5 other geometries and forms of guide portions and alignment 
means may be used. An advantage of the arrangement shown in 
Figures 1-4 is that the alignment means provide EMI shielding 
for the equipment module. 

10 When an equipment module is inserted into the heat sink 
arrangement, the upper face of the module will cause the heat 
sink 12 0 to pivot, bringing the lower surface of the heat 
sink into contact with the upper surface of the equipment 
module (see Figures 3 and 4) . The pivoting arrangement 

15 increases the contact area between the equipment module and 
the heat sink, increasing the transfer of heat between the 
equipment module and the heat sink. 

Figures 3 and 4 show schematic depictions of an equipment 
20 module 10 inserted into a heat sink arrangement 100 according 
to the present invention, with Figure 3 showing a perspective 
view and Figure 4 showing a side view. In a preferred 
embodiment of the invention, the pivot pin 14 0 may comprise a 
heat pipe that can carry heat away from the heat sink 120. 

25 

Figure 5 shows a schematic depiction of the side view of an 
alternative embodiment of the present invention in which the 
equipment module 2 0 differs from the equipment module 10 
described above with reference to Figures 1 to 4 in that the 
30 equipment module 20 has a non-uniform cross - sect ion . The 
contact face (i.e. the face that is brought into contact with 
the heat sink) is divided into a first flat region 27 and a 
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second angled region 28, the angled region being closest to 
the face of the equipment module 2 0 that is inserted into the 
heat sink arrangement. It has been found that the angled 
region 28 assists in bringing the equipment module 20 into 
5 contact with the heat sink. 

The contact area between the equipment module and the heat 
sink should be sufficient to couple the heat dissipated by 
the equipment module but it is possible to improve the 

10 thermal contact by attaching an interface material to the 
surface of the heat sink that come into contact with the 
equipment module, such as a thermal matting or a suitable 
phase change material. Although the heat sink 120 shown in 
Figures 1-4 comprises a plurality of fins in order to 

15 increase heat dissipation, it will be understood that the 
heat sink could alternatively be a flat heat spreader, or 
that fins could be attached to a limited region of the heat 
sink. Furthermore, additional techniques and technology may 
be used to provide an increased degree of heat dissipation; 

2 0 fans may be mounted to the heat sink; the pivot pin 14 0 may 
comprise a heat pipe, the heat sink may be cooled using a 
gas- or liquid-cooling system, the heat sink may comprise one 
or more regions that act as planar heat pipes, etc. 

25 The material used to form the upper surface of the equipment 
module preferably has one or more of the following 
characteristics : 

• a low coefficient of friction to ease insertion and 
extraction of the module; 

30 • a high thermal conductivity to increase the dissipation 

of heat away from the module and towards the heat sink; 

• sufficient mechanical strength to withstand repeated 
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insertion and extraction of the module; and 
• a degree of mechanical compression that will reduce the 
mechanical tolerances required for the components 
required . 

A suitable material is Sarcon® GHR-AD from Fuj ipoly Europe 
Ltd., which comprises a glass-reinforced silicone rubber 
having a high thermal conductivity. The material may be 
provided with an adhesive coating for connection to the 
equipment module or other surfaces. Sarcon® GHR-AD also has 
a relatively low coefficient of friction although it is 
possible that a material having a lower coefficient of 
friction, such as PTFE, may be added to the Sarcon®. 

Figure 6 shows a schematic depiction of a further embodiment 
of the present invention. Heat sink arrangement 200 

comprises heat sinks 220a, 220b, 220c, 220d, which are all 
connected by pivot pin 240. Each heat sink has an associated 
aperture 215a, 215b, 215c and 215d and in Figure 6 apertures 
215a, 215b and 215d contain equipment modules 10a, 10b and 
lOd respectively, whilst aperture 215c is vacant. As . the 
heat sinks are connected by the pivot pin, the pin will 
assist in the distribution of heat between adjacent heat 
sinks, also making use of heat sinks that are not in contact 
with an equipment module (such as heat sink 215c as shown n 
Figure 6) . It will be readily understood that the invention 
may be adapted to incorporate any number of equipment 
modules, as equipment racks used in telecommunications and 
data communications applications may comprise 48 modules or 
more . 

It will be understood that the equipment module may comprise 
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electronic equipment, electro-optical equipment or all 
optical equipment. Although the invention has been described 
above with specific reference to modular units such as may be 
used in data communications, it will be understood that the 
5 present invention may be applied to other applications where 
cooling may be required, for example for cooling CPUs, hard 
drives or other devices in computers. 
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